ABSTRACT. Clinicopathological features of mammary gland tumors (MGTs) in 101 dogs were evaluated retrospectively. The incidence of histological malignancy in 60 small-and 41 other-breed dogs were 25% and 58.5%, respectively. In 82 epithelial MGTs, small-sized tumors (< 3 cm) or non-invasive tumors were predominant in small breeds. In multivariate survival analysis, small breed (p=0.048) and lower stage of tumor cell invasion (p=0.006) were significantly associated with longer survival time. These results suggest that the incidence of histological or biological malignancy in MGTs is lower in small-breed dogs than in others. KEY WORDS: canine, clinicopathological survey, mammary gland tumor.
Mammary gland tumors (MGTs) are the most common neoplasms occurring in female dogs [2] . Although approximately 50% of MGTs are malignant [3, 7] , the incidence of malignancy varies among the reports, ranging from 34% [10] to 93% [4] . As a cause of this wide range, the lack of uniform histological criteria to assess malignancy has been pointed out [3, 12] , which also influences the prognostic data on malignant MGTs [3] .
In most previous studies from foreign countries, the 2-year survival rates of dogs with malignant MGTs after surgery were less than 50% [1, 5, 6, 9, 11] , whereas the rate reported in Japan was more than 80% [13] . However, it is unclear whether this difference is due to the histological criteria used or the epidemiological feature in Japan where small-breed dogs are predominant. The purpose of this study is to evaluate clinical outcomes of both benign and malignant canine MGTs with concern to the differences between small-breed dogs and others.
One hundred and one dogs with MGTs, treated surgically at 7 private practices in Miyazaki prefecture from 1997 to 2002, were evaluated retrospectively. Age, breed, body weight, gender, the time of spaying, number of tumors, size of tumors, lymph node status, radiographic evidence of distant metastasis, histopathological features, treatments, postoperative outcome, and cause of death were obtained from each medical record or phone calls to the owners. Histopathological diagnosis was made at the Department of Veterinary Pathology in Miyazaki University. In multiple tumors, the most malignant tumor was used for the grouping. All epithelial tumors were classified according to invasion of tumor cells as follows: stage 0; no stromal invasion, stage I; stromal invasion without vascular invasion, and stage II; vascular invasion. Histopathologically, 62 (61.4%) were diagnosed as benign MGTs consisting of 26 complex adenomas, 18 benign mixed tumors, and 18 adenomas. Other 39 (38.6%) consisted of 25 adenocarcinomas, 7 complex adenocarcinomas, 2 anaplastic carcinomas, 2 carcinomas in mixed tumor, 2 sarcomas, and 1 spindle cell carcinoma. Tumor-related death was confirmed in 15 of 39 dogs (38.5%) with malignant MGTs during the study periods, whereas neither distant metastasis nor recurrence at the primary site had been confirmed in dogs with benign MGTs.
Of all 101 dogs, 60 (59.4%) were regarded as small-breed dogs with distribution as follows: 28 Malteses, 8 Yorkshire terriers, 6 Shih-Tzues, 5 Miniature dachshounds, 3 Miniature pinschers, 3 Pomeranians, 2 Toy poodles, 2 Chihuahuas and 3 mixed toy dogs less than 4 kg body weight. Mean age of these dogs was 10.0 ± 3.0 years old (range: 2-15 ) and mean body weight was 3.8 ± 2.0 kg (range: 1.8-5.8). Other 41 dogs consisted of 4 Siberian huskys, 4 Shibas, 3 Golden retrievers, 2 Shetland sheep dogs, 13 mixed-breed dogs and 15 various pure-breed dogs. Mean age of these 41 dogs was 9.7 ± 3.5 years old (range: 5-16 ) and mean body weight was 18.9 ± 11.4 kg (range: 7.6-34.2 ). All 101 dogs were female: 80 were intact (small breed: 53, others: 27) and 21 were spayed (small breed: 7, others: 14).
Analysis of survival time defined as the time from surgery to death was performed in dogs with epithelial MGTs. Three cases were excluded because follow-up was less than 1 year, and the remaining cases of 78 epithelial tumors or 36 carcinomas were analyzed. Survival curves were estimated using Kaplan-Meier method, and were compared using the log-rank test between dogs grouped according to factors as follows; breed (small breed vs others), age (< 10 vs ≥ 10 yrs), reproductive status (intact vs spayed), number of tumors (single vs multiple), maximal diameter of tumors (< 3cm vs ≥ 3cm), type of surgery (partial vs uni-or bilateral mastectomy), histological diagnosis (benign vs malignant) and histological stage. Lymph node involvement (n=5), distant metastasis at surgery (n=1), and postoperative chemotherapy (n=2) were not evaluated because of a small number of cases. Multivariate analysis including factors significantly associated with survival by the log-rank test was performed using forward Cox regression procedure. Dogs that dead of MGTs (n=12) or unknown cause (n=2) were considered completed events. Dogs was censored in the survival analysis for the following reasons; lost to follow-up, death by other than MGTs, or alive at the end of the study periods. A value of p<0.05 was considered significant. The incidence of malignancy was different between small-breed dogs and others (Fig. 1) . In small-breed dogs, 15 (25.0%) were histologically malignant and only 4 (6.7%) had died of MGTs, whereas in other dogs, 24 (58.5%) were diagnosed as malignant and 11 (26.8 %) had died of MGTs. The marked differences in histopathological evidence or clinical outcome between the groups were noted in the epithelial tumors (Table 1) . In small-breed dogs, non-invasive type (stage 0) was predominant with a low mortality rate even in the stage II cases. Whereas in other dogs, invasivetype (stage I to II) was predominant in which most cases of stage II had died of MGTs. In these 81 cases of epithelial tumors, the rates of small-sized tumor in small-breed dogs and others were 77.6% and 50.0%, respectively. The lower mortality rate in small-sized tumor cases was noted in both breed groups ( Table 2 ). As shown in Table 3 , more cases had received uni-or bilateral mastectomy in small-breed dogs (59.1%) than in others (25.0%), but the mortality rate of all carcinoma cases receiving uni-or bilateral mastectomy (35.7%) was almost equal to that of the cases receiving partial mastectomy (34.8%).
Factors significantly (p<0.05) associated with longer survival time of 78 dogs with epithelial MGTs were smallbreed, small-sized tumor, histological diagnosis as benign and lower histological stage. In the multivariate analysis including these factors, statistical significance was detected in breed (p=0.048) and histological stage (p=0.006).
In 36 dogs with carcinomas, Kaplan-Meier survival rates at 1 and 2 years after surgery were 61.1 and 58.3%, respectively. The 2-year survival rates of small-breed (77.9%) or small-sized tumor (76.2%) groups were higher than those of other-breed (45.5%) or large-sized tumor (42.1%) groups though significant differences were not detected (breed; p=0.083, tumor size; p=0.072). In all factors tested, histological stage showed a significant association with survival time (p=0.0189). The 2-year survival rates of cases in stage 0, I, and II were 100, 69.2, and 38.9%, respectively (Fig. 2) .
In this case series, small-breed dogs such as Maltese or Yorkshire terrier were predominant as in previous studies in Japan [4, 13] . The incidence of malignancy in all cases (38.6%) was within the typical range reported in foreign 35 (0) 14 (3) 35 (0) 7 (1) 7 (2) 49 (3) 1 (1) 60 (4) Others 8 (0) 9 (0) 23 (10) 12 (0) 9 (1) 11 (9) 32 (10) 1 (1) 41 (11) a) Staged by tumor cell invasiveness as follows: stage 0; not invaded surrounding stroma, I: invaded stroma without vascular invasion, II: vascular invasion. b) Numbers in parentheses indicate cases that died of mammary tumors. countries [8] , but it was different between small-breed dogs (25.0%) and others (58.5%). Similar trend was confirmed in 299 canine MGTs recently diagnosed at the same institution: the rates of malignancy in 163 small-breed dogs and 133 others were 25.2 and 49.3%, respectively. Although possible inconsistency of histological criteria to assess malignancy among the cases limits the reliability of the epidemiological evaluation [3] , the results of histological staging or survival analysis also indicated the lower rate of malignancy in small-breed dogs.
Gilbertson et al. [3] reported the utility of the histological stage of tumor invasion to predict recurrence of epithelial MGTs after surgery. Our results indicated its value to predict patient's survival even in the carcinoma cases as reported previously [13] . The comparatively better prognosis in small-breed dogs, even in the stage II cases, may be related to the small size of the tumor known as an important prognostic factor [6] [7] [8] [9] 13] rather than the type of surgery which reportedly not influences the prognosis [7, 11] . In Japan, the higher survival rate (92.4%) of 159 dogs with malignant MGTs without distant metastasis at surgery, mainly consisting of small breeds, was reported [13] . In the series, stage 0 (non-infiltrative; 124 dogs) or small-sized tumors (< 3 cm; 119 dogs) were predominant. Another study in Japan showed that the 80.6% of 201 MGTs in small-breed dogs were small-sized tumors (< 3 cm) [5] . These results together with our findings indicated the higher rate of non-invasive or small-sized MGTs in small-breeds, possibly resulting in good prognosis of malignant MGTs in Japan, depending on the diagnostic criteria used. Therefore, in the post-surgical managements for MGTs diagnosed as malignant, clinicopathological features such as tumor size or histological stage should be considered together.
In this study, 27.7% of all dogs were Malteses, which is obviously the higher percentage among the total dog population in Miyazaki prefecture, suggesting the higher risk of this breed as seen in previous reports [4, 13] . The later time of spaying in small breeds, suggested by the higher rate of intact female in this series, is known to increase the risk developing MGTs [2, 7, 12] . In addition, earlier detection of the palpable mass by the owner in small-breeds may contribute to the higher rate of small-sized MGTs [4, 13] . All these factors can influence the epidemiological feature of MGTs in Japan, which may limit the use of historical control from foreign countries when treatments are evaluated. Since the population of dogs was limited in this study, a particular tendency in representative breed such as Maltese or Yorkshire terriers is still unclear. A larger-scale study using uniformed histological criteria is needed to clarify the epidemiological feature of canine MGTs in Japan.
